Abstract. We analyzed nest productivity, population size, and temporal aspects of nesting, molting, and premigratory fat deposition in an isolated population of Mountain Whitecrowned Sparrows (Zonotrichia Zeucophrys oriantha) on the eastern slope of Hart Mountain, Oregon, from 1972 to 1986. This population, nesting from 1,800 to 2,300 m, is near the lower altitudinal limit of oriantha' s geographic distribution at the latitude of southern Oregon. Hart Mountain is an isolated massif separated by unsuitable habitat from nearby populations of this bird in the Steens Mountains (80 km) and the Warner Mountains (65 km). The sex ratio of adults was probably 1: 1. The number of pairs in a defined sample area diminished from 4 1 in 1974 to 16 in 1979, and to a smaller but unmeasured number by 1982 to 1986. Losses of eggs and nestlings to predators and to snowstorms were comparatively very large, and productivity (0.99 to 1.72 fledged young per pair per year) was inadequate to replace losses of adults. The year-to-year return ratio ("minimum survivorship") of adults was likewise comparatively low, 0.37 in males, 0.3 1 in females, indicating that mortality was unusually large or that breeding-area fidelity was poor. Analysis of return ratios in relation to population size showed that new oriuntha were recruited to the study population from other localities, but not in sufficient numbers to maintain stability. Summer time budgets of oriantha on Hart Mountain were very similar to time budgets of two other populations of these birds in the subalpine zone, suggesting that the Hart Mountain population was not stressed by shortages of time. The postnuptial and postjuvenal molts, in fact, were longer than those of oriantha in a subalpine population. We suggest that we witnessed in 1972 to 1986 the declining phase of repeated cycling of numbers, or of extinction and refounding, that may characterize insular populations or populations at their limits of distribution. On Hart Mountain, heavy losses of progeny to predators and weather were not being compensated by recruitment of adults from nearby sources.
INTRODUCTION
In their survey of the summer distribution of the Mountain White-crowned Sparrow (Zonotrichia leucophrys oriantha) in the Sierra Nevada of California and the southern Cascade Mountains of Oregon, DeWolfe and DeWolfe (1962, see also DeWolfe 1968) described breeding populations of this bird as typically small and often widely separated from one another by unsuitable habitat. Such insular grouping is imposed not only by discontinuous subalpine habitat in the Sierra Nevada and the Cascade Range, but also by discrete altitudinal islands comprising the isolated ranges of the Great Basin (see Banks 1964 For convenience, we dubbed the northernmost of these streams "Blue Sky Creek," and the southernmost (the location of our research camp) "Camp Creek" (see figs. 1 and 3 in Mewaldt and Ring 1985) . Both creeks are spring-fed and flow steadily throughout the year. Hart Mountain is an isolated massif that forms the eastern wall of the Warner Valley. The plant community occupied by breeding 2. 1. oriantha is predominantly an Artemisia tridentatal Festuca idahoensis association, but is dissected by small watercourses and a riparian association featuring Pinus ponderosa, Populus tremuloides, Alnus tenuifolia, and Salix sp. Locally, Purshia tridentata is a subdominant with Artemisia, and Juniperus occidentalis is characteristic of the open slopes. Small meadows below springs or along creeks are dominated by Carex sp. and Veratrum calijbnicum, and superficially resemble the subalpine meadows popularly regarded as the typical breeding habitat of 2. 1. oriantha.
The climate of Hart Mountain and vicinity is cold and dry in the winter, and warm to hot and dry in the summer. April, May, and June are the wettest months, when 38% of the annual precipitation falls, on the average. Our data (Fig. 1) are based on correlations with the 40-year record from Refuge Headquarters, 15 km NE of our study site on Camp Creek, and 180 m lower in altitude. We corrected the Headquarters data to Camp Creek conditions by means of correlations in 19 periods through 6 years in which we had simultaneous data from the two sites. Headquarters is on an open plateau about 1 km east of the crest of the mountains, while the study site at Camp Creek is on a SE-facing slope close beneath the crest. Air temperatures at Camp Creek are only 1 to 2°C less than at Headquarters, but precipitation averages 2.28 x greater at Camp Creek because of the convective cooling of moist air from the west as it rises over the mountain crest a few hundred meters from the study area. We caught White-crowned Sparrows in mist nets, occasionally supplemented by traps, along both branches of Camp Creek from their origins to the confluence of the joined branches with Guano Creek. This is a beeline distance of about 1,300 m. We refer to this as the "Camp Creek study area." In connection with a general survey of the local avifauna, we typically opened 8 to 10 12-m x 2-m nets for about 7 hr (dawn until 1l:OO) each netting day. These nets were rotated systematically among 6 1 established netting sites so as to sample the entire study area. A typical season consisted of about 3,600 net hr of effort. We obtained basic information about reproductive status, body mass, and molt from examination of captured and recaptured birds bearing USFWS bands. Beginning in 1975 we also colorbanded all oriantha that we caught. At the time of each capture or recapture we recorded the date, time, net-site, wing-chord (at first capture, and after the end of molt), cloaca1 protuberance and brood-patch scores, and status of molt. We supplemented the foregoing information with (1) observations of nests, leading by extrapolation to the dates on which clutches were completed and, by the method of Mayfield (1975) , to estimates of nest productivity; and (2) records of the status of molt at 4-day intervals in 12 adults and seven juveniles captured on 2 to 10 July from breeding populations several kilometers from Camp Creek and kept outdoors in individual cages (22 x 40 x 27 cm) where fresh water and chick-starter mash were freely available.
OBSERVATIONS

RESULTS AND DISCUSSION
ARRIVAL ON THE BREEDING GROUNDS
We have exact records of the dates of oriantha' s spring arrival at Camp Creek only for 1976, when we began field work on 15 April. We heard one oriantha sing on 30 April, and captured the first returning male (a former resident from 1975) on 1 May. We captured five additional resident males on 3 to 7 May, and the earliest resident female on 7 May. The subsequent pattern of capture indicated that the summer-resident oriantha had all arrived by 12 to 15 May. The earliest clutches were completed on 27 May in that year, or 20 days after the arrival of the earliest females, and 26 days after the earliest males.
The schedule of spring arrival by summer-resident oriantha at Tioga Pass (ca. 3,000 m) in the Sierra Nevada of California does not differ by much from that at Camp Creek. The bulk of the breeding oriantha arrived at Tioga Pass during 10 to 15 May, the males tending to precede females (Morton 1976 ). Exceptionally, a few males arrived as early as 2 May (Morton 1978) . The earliest clutches were completed during 28 May to 9 June, or 2 to 3 weeks after the arrival of the majority of the summer residents.
At Niwot Ridge (ca. 3,500 m) in the Front Range of the Colorado Rockies, the earliest male oriantha were recorded (3 years) on 10 to 19 May, and females arrived about a week later. Hubbard (1978) found that the interval between arrival of the earliest males and the completion of the earliest clutches was 30, 36, and 38 days in 3 years of observation. In both the Front Range and the Sierra Nevada, oriantha evidently arrive earlier in the adjacent lowlands and loiter there until the snow in the breeding areas has melted sufficiently to uncover feeding sites. On the breeding grounds the birds form pairs, but otherwise do not engage intensely in sexual activity (chasing, persistent singing) until nesting habitat is free of snow. On Hart Mountain, winter snow cover has usually dissipated by early May, and does not typically influence the time of the first nesting cycle.
ADULT SEX RATIO
The apparent adult sex ratio and the capture ratio of oriuntha at Camp Creek and in two other montane populations are shown in Table 1 . Males consistently outnumbered females among sampling years (not shown) as well as among localities. The capture ratio (percentage of males captured including repeats) showed, however, that males were easier to catch than females. This raises the possibility that the sex ratio was actually 1: 1 but was distorted by sampling methods that favored the capture of males. Morton et al. (1972a) , who used mainly traps, concluded that sampling bias was negligible because it was found that the sex ratio of immature oriantha at Tioga Pass was 55.4% males (capture ratio 58.0% males, probability of no difference = 0.392). They could not envisage a bias favoring the capture of one sex or the other in immatures. Because the sex (1962) also found in the Sierra Nevada. Of 77 oriantha nests found at or near Camp Creek, 60% were 10 m or less from running water, and 77% were within 30 m or less. The most distant nest was 175 m away from a stream. As the number ofnesting oriantha at Camp Creek dwindled (see beyond) the distance between nests and running water also diminished. For instance, by 1979 the population was no more than a third of its size in 1975, and all 12 nests found in that year were 20 m or less from a creek, and 10 were within 10 m or less. This was not an artifact of variable sampling, as we searched for nests and territorial males over the same routes that we had used in previous years. We surmise that the clumping of nesting territories nearer to streams in 1979 resulted from a relaxation of competition for preferred habitat as population size diminished. By 1982 the breeding population had decreased still more (see beyond) and singing males were found only along the two branches of Camp Creek above an elevation of 1,860 m. All but one of the 11 or 12 males detected in 1986 were also confined to this same part of the study area, although the population had increased from its level of 1982. The upper branches of Camp Creek are characterized by small meadows and terraces edged by corn lily (Veratrum californicum), which we surmise constitutes the habitat that oriantha strongly prefers.
BREEDING-SITE FIDELITY
White-crowned Sparrows that returned to Camp Creek to breed usually settled in or near their territory of the previous year. On a large-scale map we plotted the summer ranging centers of individuals, as defined by capture and recapture (for details, see Mewaldt and Ring 1985) and then analyzed the year-to-year differences among ranging centers as a measure of breeding-site fidelity. The Camp Creek study plot is about 1,300 m long. Ranging centers for males in 7 1 pairs of years from l-2 to l-5 averaged (*SE) 113 f 12.5 m apart. Females averaged 160 & 22.7 m apart in 16 pairs of years from l-2 to l-4. By Mann-Whitney U-test, 0.05 < P < 0.10 that the means are the same in the sexes, which is consistent with the finding that breeding dispersal tends to be greater in male than in female birds (Greenwood 1980 ). We cannot, however, completely exclude the possibility that the sexual difference is an artifact of sampling. The yearto-year return ratio (see beyond) is smaller in females than males, and hence there are fewer females than males in the older age cohorts in which site-fidelity might be more exact. In any case, the data show clearly that returning oriantha strongly tend to nest in the same tenth of Camp Creek' s riparian strip that they occupied during the previous summer. and final dates of cyclic events will be determined only by the data from the earliest and latest seasons. Our samples of CP and BP indexes within years are too small to support a rigorous analysis of year-to-year variants. We therefore rely for this on 3 years of records on the dates of clutch completions (Fig. 3) .
REPRODUCTIVE CYCLE
We quantified the reproductive condition of males by examination of the cloaca1 protuberance (CP index on a scale of 0 to 3). CP 2 and 3 reflect enlarged and turgid protuberances (which contain the seminal vesicles), which we take to indicate the presence of sperm. We used the development of the brood patch to estimate the reproductive condition of females (BP index on a scale of 0 to 4). BP 0 refers to a feathered and inactive venter; BP 1 corresponds to a defeathered and visibly vascularized patch; BP 2 extends this to moderate edema; BP 3 indicates maximum development (heavily edematous and usually wrinkled); and BP 4 indicates a regressing patch (dry, defeathered, and commonly scaly). BP 1 to 2 occur during egg laying, BP 2 to 3 during incubation, and BP 4 begins in about the middle of the nestling stage.
Males arrived on the breeding grounds with CP indexes of 0 or 1, but the mean index increased rapidly in the ensuing 2 weeks (Fig. 2) so that nearly all males were at stage CP 2 + 3 by late May (Table 2 ). This probably paralleled the final growth of the testes to their maximum size (cf. fig. 1 in Morton et al. 1972a ). The males remained at CP 2 + 3 until late June or early July in the composite picture, but it is likely that the regression of the cloaca1 protuberance occurred earlier than this in some years in which renesting was slight (e.g., 1976, Fig. 3 ). By late July or early August all males had become sexually quiescent (CP index less than 2, Table 2 ). The regression of the cloaca1 protuberance probably paralleled the involution of the testes, as it did at Tioga Pass (Morton et al. 1972a ).
We can correlate the variation of the BP index with independent records on the dates of clutch completions (cf. Fig. 2, Fig. 3 The increase of the BP index to a functional level was closely correlated with our records of egg laying and the onset of incubation (cf. Fig.  2, Fig. 3, Table 3 ) which provides assurance that our analysis of the BP data is correct. At the peak of the nesting season in mid-June, about 80% of the females were laying eggs, incubating, or in the first few days of the nestling period (BP 2 + 3). Accordingly, about 20% (the earliest breeders) had reached BP 4 (Fig. 2) . Beyond this peak, the curves of BP 2 + 3 and BP 4 were approximately inverse, as would be expected ifwe have sampled the population accurately. The rate at which the mean BP index diminished in the population slowed in late June in correlation with renesting by females whose first nest(s) failed. Renesting was especially prominent in 1975, when a heavy snowfall on 17 to 18 June destroyed all but one of 22 nests in our sample. In more favorable years with fewer renesting attempts (e.g., 1976, Fig. 3) we surmise that the regression of the brood patch in the population is more rapid and that 100% BP 4 is reached earlier than in our composite analysis. It is nevertheless evident (Fig. 2 ) that all but a few females conclude incubation by late July.
NEST SITES
Eighty-four percent of oviantha nests on Hart Mountain were on the ground in low grass or beneath sage bushes (Artemisia trident&a). Nests above ground were mainly in sage bushes or tufts of rye-grass (Elymus sp.) (Table 4) (Table 5) began postnuptial molt about 5 days earlier than females (P < 0.00 1, by t-test) and molted about 8 days longer (P < 0.001). Captive males and females at Tioga Pass did not differ from each other in these characteristics. The molt of captives at Hart Mountain began 15 to 20 days earlier than at Tioga Pass and lasted 5 to 11 days longer (P < 0.01 for differences in the duration of molt in both males and females). We and Morton and his associates used similar criteria and measurements developed during earlier collaboration (e.g., Morton et al. 1969 ) and it is unlikely that differences in our results reflect differences of methods. Postjuvenal molt began in five of the seven captives about 13,9, 7, 6, and 6 days before the date of capture, as judged from the pattern of molt in the two birds that began to molt after that date. On average, the postjuvenal molt in captives began on 2 July & 4.2 days and lasted 58 days (Table 5) the temporal course of molt in the population. This is shown as a probability plot (Fig. 5) for Hart Mountain in 1976. We combined males and females, which produced a bimodal or platykurtic distribution because molt in males and females was not exactly simultaneous. We assumed that the end of molt had the same frequency distribution as its start (the points and curve at the left in Fig. 5 ) but occurred about 57 days later (the median duration of postnuptial molt in captive males and females). We also assumed that the duration of molt was the same in early-and late-molting individuals, which is reasonable since we caught birds in the terminal stages of remigial molt as late as 9 September. The earliest birds (all males) began the postnuptial molt on about 22 June (the 1% point in We estimated the onset and progress of postjuvenal molt in the free-living oriantha at Camp Creek (Fig. 6 ) from criteria obtained from captives (Fig. 4) . The onset of postjuvenal molt in the population spanned about 40 days, beginning on about 13 June (the 1% point in Fig. 6) . If the duration of postjuvenal molt is 58 days (Table  5) 
VARIATIONS OF BODY WEIGHT
We confined our analysis of the summer cycle of body weight (="mass") in adults to birds captured between 09:OO and 15:OO in order to minimize variation resulting from the daily weight cycle. This reduced sample sizes below our goal of 10 in some cases and produced a 20-day gap in the record in August (Fig. 7) . We were able to compensate for this, in part, by resorting to data obtained from captives (Fig. 8) .
In general, variation of body weight in adults resembled that found in oriantha at Tioga Pass I by Morton and Welton (1973) . Body weight in both males and females reached a peak in mid-) June and then decreased significantly late in the nesting season or early in molt. Weights then increased slowly during molt (Fig. S) , dropped slightly at the end of molt, and then increased sharply as a result of premigratory fattening. The cyclic change of weight during molt may reflect in part the changes of fat-free body mass and water content that accompany the regeneration of the plumage (Chilgren 1977 (Table 6 ). Our netting schedules after 1979 were not adequate to support estimates by the Schnabel method, but it was obvious from other criteria that the numbers of oriuntha continued to diminish until at least Table 6 and subsequent observations would require a full demographic analysis, which is beyond our reach. We can, however, identify some of the parts of the puzzle. oriantha at Niwot Ridge stay on the breeding grounds about 10 days longer than at the other localities, mainly because they linger after the postnuptial molt has ended. They also loiter for about twice as long during the prereproductive period, feeding on a rich source of aeolian insects carried to Niwot Ridge by prevailing winds from the east and deposited on the snow. This enables them to commence nesting as soon as melting of the unpredictable snowpack uncovers suitable nesting substrates. They compensate partly for this delay by spending about 10 days less in reproductive activity than at the other localities, in part because of better initial synchrony among pairs and in part because loss to predation and weather is relatively low and renesting cycles are fewer than at Tioga Pass and Camp Creek. In sum, we have not detected any shortages of time in the summer schedule of essential activities by oriantha at Camp Creek. Indeed, they seem not to have exploited the plasticity of their behavioral and physiological cycles to the extent possible by overlapping nesting with molting (e.g., Payne 1972) by abbreviating the molts to the spans typical of Tioga Pass (cf. Table 5) or both. Such adjustments could substantially lengthen the period available for renesting, and hence help to compensate for the unusually heavy losses of nests to predation and weather at Camp Creek. We can only speculate that such adjustments have not occurred because either (a) hot, dry weather after mid-to late July is unfavorable for reproduction (see above), and a relaxation of the reproductive time budget would be of no avail, or (b) populations of oriantha at Camp Creek have been too unstable to be subjected over several generations to selection for adaptation to local conditions.
